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A new genus for an aquatic ranid
(Amphibia, Anura) from Sri Lanka

Alain Dusors & Annemarie OHLER

Laboratorre des Reptles ¢t Amphibiens,
Museum National d"Historre Naturelle,
25 rue Cuvier, 75005 Pars, France

A new monotypic genus is erected for the species Rana corrugata
Peters, 1863, a ranid endemic of the island of Sri Lanka. This species shares
the paedomorphic condition of the retention of a lateralline system in
adults with two other genera of Ranidae, Euphyctis and Occidozyga. It
shares with many species of the genus Limnonectes the presence of
odontoid on the anterior lower jaw of males. Despite these
similarities, the new genus is not closely related to the three genera above,
and appears to represent a new, independent lineage within the South
Indian ranids. It is here provisionally referred o a new subfamily of the
family Ranidae. This study provides an opportunity for a brief review of the
of several i among several genera of
Ranidae, including characters related with an aquatie mode of e (general
sy of the back of thighs), male
secondary Y acions (fangs, Targe hoad, dorsal cophalic knob, size dimor.
phism, nuptial pads, vocal sacs, advertisement and territorial calls), amplec-
tic position, parental care and egg coloration.

ABBREVIATIONS

Measwenmenrs  EL, eye length, EN, distance from front of eye to nosinl, FFTF, distance from
maximum incurvation of web between fourth and fifth toe 1o tp of fourth toc: FL. femur length (from
venl 1o kneed, FLL, forelmb length (from elbow to base of outer palmar tubercle), FOL, foot kength
(from base of mner metatarsal (ubercle to 1.p of fourth toe), HAL. hand length (from base of outer
palmar tubercle 1o tip of thed finger), HL, head length (from back of mandible to up of snout), HW. head
width, IBE. distance between back of eyes, IFE. distance between front of eyes, IMT. length of mner
metatarsal twberele. IN. mternarial space. ITL . mnner toc fength, (UE, nunimum d.stance belween apper
eyehds, MBE, distance from back of mandible 1o back of eye, MFE. distance from back of mandible to
front of eye, MN, distance from back ot mandible to nostnl, MTFFE, distance from dista. edge of
metatarsal tubercle 1o maximum meurvation of web between lourth and fifth toe, MTTE, distance from
dintal edge of metatarsal tubercle to maximam meurvat.on ot web between third and fourth toe, e, no
mecsurement taken, NS, distance from nostrl to tip of snoat, SL. distance Irom [ront of cye o tip of
snout, SVL snout-ventlength TFOL, length of tarsus and oot (from base of tarsus to tipof fourth toe),
TETE, distance trom maximum meurvation ol web between third and fourth toe 1o tip of lourth toe, TL.
tibra length, TW, maxnnum tibia width, UEW, maximum width of upper eyehd
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INTRODUCTION

Taxonomy of the family Ranidae Rafinesque-Schmaltz, 1814 is among the most chal-
lenging 1n anuran amphibians. This is due in part to the existence of groups including many
sibling speeics {see e.g. DuBols, 1977, Matsul et al., 1993, EMERSON & WaRD, 1998), and of
numerous cases of convergence between species belonging to distinct lineages (sce ¢ g OHLER
& Durois, 1989; BossuyT & MILINKOVITCH, 2000, MARMAYOU et al , 2000)

Particularly confused and controversial is the taxonomy of the so-called genus Runa
Linnaeus, 1758 (scnsu BOULENGER, 1920), that has unul now been used to group frogs
belonging to various lineages but showing “generalized” morphologies and unspeciahzed
plesiomorphic characters. As far back as m 1915, however, Botkay had proposed to remove
from thus genus several species with a forked omosternum and other unusual characters for the
genus Runia, and to place them in the new genus Feervarya A sumilar proposal was made by
DeckerT (1938), followed by LAURENT (1950) and others, who used the generc nomen
Dicroglossus Gunther, 1860 for these frogs' in particular, for several decades, the common
African frog now known as Hoplobatrachus occipitalts (sce eg Kosucd et al., 2001) was
referred to under the nomen Dicroglossus occypitalis However, this was 1gnored by many
other authors, especially those working on the Asian fauna (sce e g BOURRET, 1942, Liu,
1950, INGER, 1954, 1966, 1985: Lu & Hu, 1961: TAYLOR, 1962; etc ) DusoIS (1974) was the
first author to use the nomen Dicroglossus for Asian frogs, before showing (Dusors, 1975) that
this nomen was a strict juntor synonym of Euphlyctis Fitzinger, 1843 The same author
subsequently distributed the ranid species with forked omosternum in several subgenera of
Rana {Dusons, 1981), and later in several distinct gencra (Dunois, 19876, 1992) Among the
five subgenera he recogmzed m Limnonectes Fitzinger, 1843 i 1987, Dusors (1992) raised
Hoplobatrachus Peters, 1863 and Tuy lorana Dubors, 1987 to the rank of distimct genera, and
Dusots & OHLIR (2000) did the same for Fejervarya. OHLer & Duors (1999) showed that
Bowrretia Dubots, 1987 was a junior synonym of Elac/n glossa Andersson, 1916. Therefore,
according to these latter authors, the genus Linnonectes is now understood as including two
subgenera, Eludivglosse and Lumnonectes, the latter with three species-groups (DuURoss,
1987h: 63)

In the genus Limmonccies, the Lamnonectes hubin group corresponds 1o the Ranae
hudthunae of BoULINGER (1920). Adult males of these frogs are devoid of vocal sucs and
nuptial pads, but have very enlarged heads and strong tooth-like prommences (*fangs™) on
the anterior lower jaw All species of this group occur m South-Fast Asia (Indonesia,
Malaysia, Indochina and southern Chuna), except for one, orgmally described by Pritks
(1863) as Rana corrugata, which lives only 1n Sri Lanka When he first erected the L. Awhlii
group, Dt sois {1987h) followed Boutinatr (1920) m meluding this Sri Lankan speaes in this
group, although he had never had an opportunity to examine a specimen of this species.
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However, as soon as he first saw this species alive in the field, on 30 June 1999 1n Morningside
m Sri Lanka, he realized that all published descriptions of this species (PETERs, 1863,
GUNTHER, 1864: BOULFNGER, 1882, 1890, 1920; KIRTISINGHE, 1957, DUTTA & MANAMENDRA-
ARACHCHI, 1996) were i lete or even partly i and that the external characters
of this species {see below) were in several respects quite diffierent from those of the L. kuhlu
group and justified the exclusion of this species not only from this group but also from the
genus Limnonectes.

Recently, some molecular cladistic data were published concerning these frogs. After an
analysis of parts of the mitochondrial nibosomal 128 and 16S genes of several species,
Emerson et al, (2000 136) wrote that “the fanged frogs consutute a monophyletic group™ and
that “1t seems appropriate, in the future. to refer to these frogs as members of the genus
Limmonectes”. While doing so, however, they did not provide a hist of taxa that they referred
to this genus, so that one can infer that they probably adopted DuBois's (1992) concept of the
latter. However, they provided (EMIRSON et al.. 2000. 131) a “definition” of “fanged frogs™
that does not apply to all species or species-groups of this genus. All characters hsted in this
“definition” either apply to some of these taxa only (see eg BOULENGER, 1920, Dusots,
1987k, 1992), such as fangs and “voicelessness” (see below) in adult males, sexual size
dimorphism or parental care. However, using this “defimtion”, 1t 18 quite clear that Raena
coryugate should be included in the genus Lunmonectes. These authors did not, however,
consider this species in their study

Other recent studies provided addittonal data in this respect. Using mutochondraf 128
and 168 TRNA gene sequences, VENCES et al (2000) and D LORME et al. (submutted) found
that Rana corrugata 15 not cladistically a member of the group including L Awhfii, the
type-spectes of Lmonec tes. BossLyT & ML INgoOVITCH (2000) found a similar result using
the same genes but also two nuclear DNA gene sequences. These dala confirm the morpho-
logical interpretation of R corruguta as not belonging m the genus Lunnoncctes

On the basis of the molecular phylogenetic data mentioned above, DELORMF et al.
{subnutted} followed DuBors (1992) in recognizing 1 the Ranidae a subfamily Dicroglossinae
Anderson, 1871, and, within the latter, a tnbe Limnonectimi Dubors, 1992 for the genera
Linmonectes and Tay lorana They excluded Runa corrugata from this trnibe, suggesting that the
latter deserves erection of a new genus, that represents an hitherto unsuspected new clade
within the Ranidae. In the frame of the current “working taxonomy™ of the latter family
(DuBots, 1999, we suggest that this clade be recognuzed provisionally as a new subfamily, and
we hereby proposc a diagnosis and a nomen both for this subfamily and for 1ts wmque genus.
In order to faciltate the discussion below, we itroduce the new nonina first, so that we can use
them in the rest of the paper. According to Kelum Manamendra-Aracheht {personal coni-
munication), some differences exist between low and high alutude populations currently
referred to this species, so that later two distinct 1axa (species or subspeaies) might have to be
distmgushed In order to ¢landy the nomenclatural decisions that might have to be taken in
ths respect. we provide a detatled redescription of one of the three orgimal syntypes of thes
nominal specics, that we hereby designate as lectotype In the final part of the paper, we
discuss the distribution of some morphological characters among several genera of Ranudae,
that give support to our taxonomc decisions.
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MATERIAL AND METHODS

The List of specimens examined and measured is given below 1o tab. 4 and m app. 1.

Twenty-two measurements of adult and young specimens were taken by AMO with a
slide calliper to the nearest 0.1 mm, or, for values below 5 mm, with an ocular micrometer to
the nearest 0.01 mm. The list of measurements 1s given above under Abbreviations

In order to faciltate comparisons, the description’s methodology and plan used 1
the lectotype description below were the same as those used in previous works on Asian
anurans (Dusors & OHLER, 1998, 1999, 2000; Oncer & Dusois. 1999, Bossuyt & Dugois,
2001; VerrH et al., 2001; Dusois et al., 2001). The webbing formula is given according
to MyrRrs & DurLLMAN (1982) and the tadpole keratodont formula according to Dusois
(1995).

Morphometric analyses and graphs were made using the SPSS statistical programs
for personal computers (NoRUsIS, 1992, ANoNYMOUS, 1999). We used principal compon-
ent analysis usmg varimax rotation (ANoONymous, 1999 426) to show morpholog-
1cal distinctiveness of the new genus and canonical discriminant analysis to mdicate morpho-
logical discr £ from the sub and sy groups of Limnonectes. Oneway
analysis using Schefle tests were performed on ranked ratios of all measurements between the
seven genera of Ranidac compared m tab. 1. Detailed results of this analysis can be
communicated upon request by the authors; they are not provided here because of space
limitations,

TAXONOMIC NOVELTIES

Subfamily Lankanectinae nov

vy s, by present designa -L gen. nov.

Diagnosrs This subfamuly is distnguished from afl other subfanubies of Ramidae by the
following combmation of characters (1) omosternum forked at base. (2} vomerme teeth
present, (3) medhan lmgual process absent, (4) femorat gland absent, (5) extremities of digits
pointed or shightly rounded, not enlarged: (6} tarsal fold present: {7) lateral-line system
present m adult, (8) head and back covered by a network of ridges, (9) adult male without
nuptial pads, but with fangs and internal vocal sacs. (10} eggs prgmented. (11) 1adpole with
ventral mouthparts, keratodont formula 2/3.

Dutybusion. So far, ths subfanuly v known only from the land of Ser Lanka
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Genus Lankancctes nov.

Type-species, by present designation — Rana corrugata Peters, 1863,

Diagnosts. ~ This genus 1s distingwshed from all other genera of Ramidae by the following
combination of characters: (1) omosternum forked at base; (2) size medium (adult SVL 33-
65 mm); (3} internarial distance shorter than distance between upper eyelids; (4) upper eyelids
covered with numerous round warts; (5) canthus rostralis indistinct, loreal region shghtly
convex; {6} edge of lower jaw without transverse bands: (7) tympanum indistinct; (8) vomerine
teeth present, (9) median lingual process (see GRANT et al., 1997) absent, (10) extremities of
fingers pointed, of toes shightly rounded; (11) finger II Jonger than finger I; (12) no distai
subarticular tubercles on fingers 11 and I'V; (13) inner palmar tubercle very small, rounded,
on base of metacarpus, (14) outer palmar tubercle very small, rounded, simlar and of same
size as inner; (15) legs strong, heels far apart when hind legs are placed at night angle with
body, (16) tarsal fold present, well devetoped, (17) inner metatarsal tubercle flat, elongate. (18)
outer metatarsal tubercle absent; (19) tarsal tubercle absent; (20) femoral glands absent; (21)
lateral-line system present 1 adult, (22) dorsal parts covered with a network of ndges, (23)
fejervaryan hine (sce Dusors & O1LER, 2000, and Dusots ¢t al., 2001) absent; (24) rear part of
thighs marbled, without longitudinal white and dark lines; (25) adult male with fangs and
internal vocal sacs, without nuptial pads, (26) eggs pigmented, (27) tadpole with ventral
mouthparts, keratodont formula 2/3

Comparisons  Detailed comparisons of this genus with six other genera of As.an Ranidae
with forked omosternum are provided 1n tab. 1. Of particular relevance are the comparisons
with three of them, which in several characters rather closely resemble the new genus.
Lankanectes shares several characters with the Asian ranid genera Euphlyvetis and Ocetdor) gu
Kuhi & Van Hasselt, 1822; in particular, in these three genera a lateral line system s present on
the body of adults, a rare character in the Ranidae (see below). It 1s distinguished from these
two genera by a combination of characters (see tab. 1), among which the following ones in
particular may be highlighted: (1) internarial distance shorter than distance between upper
eychds (instead of subequal or longer): (2) loreal region shghtly convex (instead of slightly
concave); (3} network of numerous transverse folds on the whole of back and head (absent in
the other two genera); (4} mner metatarsal tubercle flat (instead of digit-hke),
(5) rear part of thighs marbled (instead of showing a longitudinal white hine underlined by a
dark line), (6) adult male with fangs on the antenior lower jaw. This last characier 1s shared by
the new genus and some specics of the genus Lomonectes, but Lankanectes differs from the
latter in several other characters (see tab. 1), mcluding (1) nternarial distance shorter than
distance between upper eyelids (nstead of subequal or longer), (2) loreal region slightly
convex (instead of concave); (3) network of numerous transverse lolds on the whole of back
and head (absent 1 Lunonecies), (4) upper cyehds covered with numerous round warts
{mnstead of bearing only a few round warts m their rear part). (5) finger I1 fonger than finger
I (instead of shorter or subequal), (6} lateral Line system present m adult (mstead of absent}

Generic content und dtribution - For the ime being, a single species, Lankanec tes corrigatus
(Peters, 1863), an endemic of the 1slund of Sri Lankan, 1s known mn this genus. However, as
mentioned above, this species mught prove later 1o be heterogencous and to consist i fact of
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Table | Some diagnustic morphological characters of seven Asin genera of the femily Ranidae with omosternum forked at base. Sce DUROIS (1995) for the 2
defin.tion of the tadpole’s condensed col.cctive keratodont formuta (CCKF), 1e minmum maxmum numbers of keratodont rows on upper/lawer l1ps of
tadpoles observed n the taxon See OH. ER & DUBOIS (1999) for the defimtion of categones of digital disks m the Ramdae

— D crogloss nae Dicrog ossmae Dicroglossiae Occidozyginae Occ dozvg.nae Nyctibatrachinae Lanxaneetmnae
bfamty Anderson. 1871 Anderson, 1871 Angerson, 1871 Fei, Ye & Huang, Fe,, Ye & Huang, | Blommers-Sch gsser, subfam nov
1991 199 1993
Tribe. D croglossint L mnonectin Lmnonectim: _
Anderson, 1871 Dubais, 1992 Dubeis, 1992
Fuphlycns Limnonectes Taylorana Occtdozyga Phrynoglossus Nycnbatrachus Lankanectes
Gerns. Kuhi & V;
Fuzinger 1843 Fuzinger 1843 Dubo.s, 1987 ul wﬂ;zﬂlm L Peters, 1867 Boulenger, 1882 nov
Rana leschenauln Ruehit Polypedates hascheanus ta hma
tyme-species Dureer & B bro Tschud, 1836 by S0wzke, 810,by | Graveohors, 1829, by | Petes, 1867 by ongmal | Bou enger, .882.by | Peter, .863, by ongnal
by ongaal desigraton desenaron | omgma desgnation crens. 1367 oco)

JFrszaGkR 1893 1) | (F IZInGER, 1843 113 | (Dupois, 19876 63) | Sremecer( 925 1) £ MYERS ( 943 54) >
Adu ¢ male SV gmens 40.95 35150 2539 1926 1830 346 365 Q
Adulifema e SVL mum, 520 1838 237 2615 2245 1447 4459 )
Iremana d sunce Longer than distnce | onger than orequa o | Longer than distance | Subequalto dstance | Longer than distance | - Shorter than distance | Shorter than d stance. 521
berween upper cyehds | o siance between upper Ppo between upper eyends | between upper eyehds 2]
eyends -
pper eve 105 Coveredwib nureraus | Beanng a few round Bearing a few round | Covered with numerous | Covered wiy o few | Wathout wards or covered | Covered vath numerous bl
round warts wans 1o e ear pors | wans i hess reas part round waris ndisunct round warts | - wath numeraus round Tound warts oS}
waris 'S
Canthus rostral's “ndist nct Dist net or wite distnct e distnet ind stnct Indistnct Indisknct or e distnct Tndistinct =
Loreat region Shghuy cancave Concave et Sightly concave S sghily convex Shghty convex Sughtly convex
Without w
owes jav
Tympanam Distact istnct or md st nct Dsumet Indhstmct Indistnct R stnct or e d stnct Indistinct
Dxtemicsofdpis | Pomicd notcnarged | Rounded those of oes | Sighiy enlarged witha |  Pomicd, notcnlarged | Rounded, sometimes | Disks beaning dorso Exremunes of fugers
mes d lared a5 rudimentary dorso- sk ghtly entarged terminal folds poted, or toes shghuly
smail disks bearmng 2 tecmmal foid rounded
dorso-termnal fold
Relate lengih of fingers | Fonger [l ongerthan | Finger I shortes thanor | - Funger I shorter tan | Fingers 1and 1l subequa) | Finger i shorter than | Funger il longer than | - Fnger [ longer then
tand 1l Fogert 25 long as finger | fnger finger finger 1 finger |
Dustal subarieaar smay adsinet Srat Absent Absent Indssosct Absent
tubergies on fingers il
and IV
Inner palrnar tobereie | Medum, ova,, o6 he | Med:am of large, on base | Medum. oval. on bafof | Smal, rounded, Small,oval,on baseof | Small, oval,mather | Very small, rounded, on
basc of metacarpus | of metécarpus or o the meucarps promiment. on base of metacarpus base of metacarpus

Outer pasimar tabercic

nd st nct

whoie of 1t

Efongate, half smalier
han wner palmar

tabercie o of sam s1z¢

Oval,a tntl smal ex than

arpus.
‘Sl rounded

promusent, of seme siz¢

a5 inner paimar tubercle

promunen, on base of
metcarpus

,of
a6 inner paimar bercle

mmer pa mar wbercle

Very
same iz¢ 55 wner palmar
wbercle
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Table 1 (continued)

. Fuph 1 mnanectes Taylorana Occdozygo Phrmaglossus Nyctibacrachus Lankanectes
s Fitznger 843 Fiizinger, 1843 Dubes, 1987 Kb &l\f;z"zhm“ Peters, 1867 Bou enger, 1882
S Rather stong and shon | Stong or nirsow, S0 1 | Moderately sivon, rathes | Rathec swong. short Ratherston. short Srong short Very stong short
org short
Distance between neels Heels far pars Heels sn contact or Heess in contact Heets far apart Heels farapan. Heels fa apart Heels orspar.
et g e isced overlanp og
a1 nghtangle vt
Tarsal ol or ndge Present moderate | Breseat we 1 developed Tndistimet Present, moderate | Preser. well developed | Present wel developed | Presen, wel deveioped
Taner menarsa taverce | F e ke < ongate Eat clomgate Very prommeat. ¢ oogate | Fimger-ike, very Oval, very prominent | Lang, oval. promunent Flat, ciongate
promunent
Outer meutarsal tberele Absenc Absent Absent Prsent Absent Absent Absent
Tarsal tbercie Avsent Abset Absent P Absen. Absent Absent
Femaral gland bsen Absent Abgen Absent 3 Absent
s e sysiem Bresent Absent Absent Present Avsenn Absent Present
adut
Longitudal dorsal Absert Present or absent Fresent Avsent Absent Abseal. Absent w)
andula foids g
Network of dges on Avsent Avsent Absent Assert Absent Absent Present 3
@
Covoragan ot rear parrof | Longadma whue e Marbied Mabred _ong dmal whae lne | Marbled or sponed Marbted Marbied o
wghs undertmed by dark e underlined by black ne
Sexszedmophem | Macssrulcritan | Absent o mates arger Absenn Miales sma ler tan Males smater tan Absenn Absent Q
Tomas i ot s p g
T sigement of head Absent Present o abscnt Present Absent Absent Absent Absent o
PRIEN
Fangs i adalt e Avsent Present o svsent Preseat,smalt Avsent Avsent Absent Present
Noca sacs nadu e | Present, black protrud ng present, Absent Preser, uemal, - Bresent, emat witt | Bresent. smtemal, with | Bresent, atema, vthout
rwogh s an vl | el it i on fouds on throat fouds on throat folds on hrcat fouds on throat
sedeson theoat o
Mate adverngernent cac Present Absent o present Presem Prosent Presert Present Present
Nupu pads nad st Absent Absert Avser Preseo Present Pesent Absent
male
Arplecta pus on Axitary g . Anvary Lumbar " -
Fag eo oration Pgmercd Pigmened Unprgmenied Pigmenicd Unprgmened Pgmented or not Pugmericd
Moae of deve opmen Tadpos Tatpa ¢ or endoroph Endomoph Tadpale Tadpols Tadpore Tadpore
Pareniat care Abseat Abseatar pesent Pasent Absent Absent Abseat Absent
Tadm €5 CUKE - 00 o0 o 0
Reterences Bare 20 BoLLtNomr 920, Boviencr, 1920, E\GER, 8% | DECKERT 1938 INCER | CUARKE, 1983, INGER et | BOLL ENGER. 920;
forcharacicrs DECKERT, 1938, Disois, | Deckear, 1938 TAYLOR, 1962, YANG, umm, 1o, Yase, ANG, 1991 31,1984 Decxist. 19,
66 991, OmisR etz 6% KaRTiSING! £, 105
Boriad
MANAMENORA-
ARAGHCH, %
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two species or subspecies. In order to facilitate further works in this respect, we provide below
a detailed redescription of the lectotype, designated herein, of Rana corrugata Peters, 1863

Vernacular name ~ We propose to use the name “lankanects™ as vernacular name for these
frogs, and “hmnonects” for frogs of the genus Limnonectes.

Etymology of the generic nomen - The new generic nomen, of masculine grammatical gender,
1s derived from the frog generic nomen Lunnonecies Fitzinger, 1843, and from the name of the
1sland of Sr1Lanka It suggests that these frogs are imnonect-like frogs endemic of thisisland

LECTOTYPE DESCRIPTION

Lectotype, by present designation, of Rana corrugara Peters, 1863: ZMB 4897, adult
male (fig. 1), collected by J. Nictner 1o “Rambodde” (Ramboda; 07°03'N, 80°14'E; 1310 m)
(DUTTA & MANAMENDRA-ARACHCHI, 1996; 12), Sri Lanka.

(A)Size and general aspect. (1) Specimen of moderate size (SVL 44 0 mm), body stout

(B) Head. (2) Head rather large, wider (HW 17.2 mm) than long (HL 16.8 mm,
MN 15.3 mm; MFE 12 8 mm; MBE 8 3 mm), convex (3) Snout rounded, shghtly protruding:
1ts length (SL 6 03 mm) longer than horizontal diameter of eye (EL 5.25 mm), (4) Canthus
rostrahs indistinet, loreal region convex; angle of toreal region with upper face of head flared
(5) Interorbital space flat, broader (IUE 4.02 mm) than upper eyehd (UEW 2.01 mm} and
than internarial distance (IN 2.46 mm); distance between front of eyes (IFE 6 68 mm} about
half of distance between back of eyes (IBE 12 76 mm) (6) Nostrils oval, with small flap of
skin laterally: closer to eye (EN 2.66 mm) than to tip of snout (NS 3.37 mm). (7) Pupd not
observable. (8) Tympanum mdistinet (TYD mmn, TYE nm) (9} Pineal ocellus absent
(10) Maxillary teeth present; vomerine ridge present, bearing 2 small teeth, posterior to
choanae, with an angle of 40° relative to body axis, closer to each other than to choanae,
longer than distance between them (11) Tongue chordate, deeply emarginate, without hngual
process, covered by numerous small papillag (12) A dermal, non glandular supratympanic
fold, distinet, from eye to shoulder (13) Parotoid glands absent (14) Cephalic ridges absent
(15) Co-ossified skin absent.

(C) Forehmbs.  {16) Arm short, fore-arm (FLL 8.6 mm) shorter than hand (HAL
8 8§ mm), not enlarged. (17) Fingers short and rather strong (TFL 4 21 mm). (18) Relatine
length of fingers, shortest 1o longest 1< 1V < I1< 11 (19} Tips of fingers pomted, bearmng
small, rounded terminal notch, not enlarged (20) Fingers without dermal fminge and web-
bing, (21} Subarticular tubercles promuiment, conieal, single; distal tubercle of finger I and IV
absent (22) Prepollex small (size of subarticular tubercles), rounded, distinet; a single, small,
round mner palmar tubercle on the base of metacarpus, outer palmar tuberce sinular and of
same size as inner; supernumerary tubercles absent.

(D) Hindlimbs.  (23) Shank two tumes longer (TL 18 7 mm}) than wide (TW 10.1 mm),
shorter than thigh (FL 19 7 mm) and than distance front base of internal metatarsal tubercle
to tip of toe IV(FOL 19 8 mm) (24} Toes short, rather thin, toe IV (FTL [0.8) longer than
third of distance from base of tarsus to up of toe IV(TFOL 28 Smm) (25) Relative length of
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Fig 1 Lectotype of Rana corrugara Peters, 1863, ZMB 4897, adult malc (SVL 44 0 mm). (a) Dorsal
view. (b) Ventral view

toes, shortest to longest 1< Il <V <III <1V (26) Tips of toes pointed, bearing enlarged knob
termunally (27) Webbing complete 10 -0 10-01IT0 0IVD 0V (WTF 7 24 mm; WFF
6.32 mm; WI 6 58 mm:; WII 500 mm, MTTF 13 68 mm: MTFF 14.47 mm; TFTF 5.66 mm,
FFTF 8.42 mm). (28) Dermal fringe along toe V absent. (29) Subarticular tubercles conical,
all present. (30} Inner metatarsal tubercle elongate, very prominent, shovel-shaped, uts length
(IMT 3 18 mm) 2 tumes 10 length of toe I(ITL 6 35 mm). (31) Tarsal fold present, from inner
metatarsal tubercle to before tibio-tarsal articulation. (32) Outer metatarsal tubercle, super-
numerary tubercles and tarsal tubercle absent.

{E) Skin (33} Dorsal and lateral parts of head and body: smooth skin forming
numerous regularly arranged folds. transversally arranged on back, longitudmally arranged
between cyes: between these folds presence of round ndistinet warts; laterally on posterior
part of back, 4-5 symmetrically arranged pairs of prominent, medium sized warts, flanks
smooth (34) Latero-dorsal folds absent (35) Dorsal parts of hmbs forclimb with transversal
foldings: thigh with flat warts, leg and tarsus with glandular warts bearing horny spinules,
(36) Ventral parts of head. body and lunbs throat with longitudinal foldings, chest, belly
and thigh smooth, fejervaryan lme absent, lateral-line system indistinet (37) Macroglands
absent
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(F) Coloration m alcool.  (38) Dorsal and lateral parts of head and body. dorsal parts
of head and dorsum and upper part of flank dark brown with top of folds whtish {discolor-
ation), a blackish brown band between eyes. (39) Dorsal parts of limbs. dorsal part of
forelimb, of thigh, of shank and of foot dark brown with indistinct darker brown bands,
posterior part of thigh brown with blackish triangle around vent. {40) Ventral parts of head,
body and limbs, throat and margin of throat dark brown: chest and belly whitish with some
dark brown spots; thigh whitish; webbing whitish with dark brown marblings.

{G) Male secondary sexual characters. (41) Nuptial spines absent. (42) Vocal sacs
present, indistinct on throat; distinet, rounded, paired openings, posteriorly on mouth floor.
(43) Other male secondary sexual characters: toothhke projections (fangs) at the front of
lower jaw.

Discussion

MORPHOLOGICAL AND MORPHOMETRIC ANALYSES

Morphological comparison between the genus Lankanectes and 6 other genera of Asian
Ranidae with omosternum forked at base 1s given 1n tab. 1. Some of the major differences
between the new genus and these genera were already mentioned in the diagnoses of the new
taxa given above, and are not repeated here.

Morphometric comparisons also support the distinctiveness of the new taxon. As we
have already stressed elsewhere (e.g , Duois et al , 2001), in many anuran groups the general
“body shape” gives good clues ding generic cl and all of species to
genera. Once again we confirm this statement n the present study, On the basis of 22
measurements (see Mazerial and methods above), we compared Lankanectes corrugatus with
several specics bel to the four and sp P rently din the
genus Limnonectes Besides, we also thought useful to compare this species with members of
several other genera discussed above (Euphlyens, Occidozyga and Phrynoglossus) and also
with the genus Nycribatrachus, an endemic of southern India. The resulls are shown in tab. 2
and fig. 2. Lankanectes corrugatus appears as a well-distinguished group, as much as the other
genera considered here. This result 15 confirmed by the canonical discriminant analysis based
on 19 measurements and mvolving Lunhanectes and the four subgroups (subgenera or
species-groups) currently recognized 1n the genus Lunnonecies (tab. 3, fig. 3)

Oneway analysis using the Schefle test shows AT VATIOUS
between Lankanectes specimens and specimens of the 8 other taxa studied The new genus can
be distingwished from all 4 subgroups of Limnonecies studied by a shorter head (HL), shorter
eye-nostril distance (EN) and shorter shank (TL). Members of the subgenus Elac/n glossu
also have larger head (HW), greater mlerndndl distance (IN) and more developed webbing
(TFTF) The frogs of the ! p are Iy larger (SVL) than Lanha
nectes spectmens and show dxﬂ'crences 1 eye position (MFE, IBE). As compared to the huitfir
species-group, the new genus has significantly smaller (HW) and shorter head (beside HL.,
MN s significantly shorter), shorter forearm (FLL) and less developed webbing (MTFF)
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Fig. 2. Plots of multivarrate analysis (first three axes) based on 22 measurements for the following nine
genera, subgenera and specics-groups of Asian Ranidae Ewphiyens, Lankanectes, Lumnonectes
{ Elachyglossa s, Lunnonectes ( Lunnonectes ) gr. grunmens, Lunnonectes { Lunnonectes) gr kuhlu,
Lumnonectes ( Lonnonectes ) gr. microdiscus, Nyctibatrachus, Occidozyga and Phrynoglossus
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Fig 3 Plots of dicaiminant function scores using mummization of Wilk's Lambda of morphometric
I d characters {19 tor the followng five genera. subgencra and specics
groups of Asan Ramidac Lankancctes, Linmonectes Elachvglossa s, Limnoned tes o Linmonectes )
gr grimnens, Limnoncctes ( Limoncctes go kuhle and Linnoncctes ( Limnonecies s g6 microdis-
cus
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Table 2 - Results of prncipal component analysis bascd on 22 In-transposcd measurements
including specimens referred to the genera Euphlycns, Lankanectes, Limmonectes,

5 O and Phr
Initial Eigenvalues Rotation Sums of Squared Loadings
Component %of | Cumulatve %of | Cumulauve
T amance % ol ymance %

1 19.991 90.870 90.870 10.520 47.819 47.819

2 1148 5219 96 089 7.154 32.518 80338

3 0260 1.181 97270 3.725 16.932 97.270

Components for rotated Components for rotated
Variable component matrix Vanable component matrix
1 2 3 1 2 3

SVL 0.670 0635 0.374 FOL 0.630 0.623 0427
HW 0.719 0599 0.333 N 0.951 0.230 0.132
HL 071 0608 0341 EN 0.699 0.571 0.397
MN 0697 0.593 0.383 EL 0.702 0.605 0.460
MFE 0698 0.583 0.388 TFL 0.564 0.720 0.366
MBE 0605 0.596 0.468 MTTF 0475 0.692 0.525
IFE 0838 0451 0286 TETF 0814 0497 0.334
IBE 0831 0.504 0165 MTFF 0452 0713 0.520
FLL 0.743 0.569 0334 FFTF 0.852 0405 0208
HAL 0.589 0694 0.392 MT 0706 0483 0460
TL 0.706 0.590 0.374 ITL 0108 0283 0949

Speumens of the mucrodiscus species-group have a larger distance between eyes (IFE} and
nostrils (IN) and their webbing 1s more incurved (TFTF). As to the differences existing to the
other genera studied here, Lanhunectes is larger (SVL) than Nyctibutrachus, its notnls are
more distantly separated: the mner metatarsal tubercle 1s smaller (IMT) m Nyctibatrachus, as
1s the webbing of the feet (MTTFE, MTFF, TETF) Phrinoglossus can be distinguished fronm
the new genus by tts smaller body size (SVL), its larger internarial distance (IN), 1ts larger
mner metatarsal tubercle (IMT) and ws smaller webbing (MTFF, TETF). Members of the
genus Ocerdozyga show smaller distance between the eyes {IBE), longer hand length (HAL),
a shorter mner metatarsal tubercle (IMT) and a longer inner toe (ITL} A smaller distance
between the eyes and 4 smaller nner metatarsal tubercle separates Lanhunedtes from the
members of the genus Euphlyctis
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Table 3. Results of principal component analysis based on vanmax rotated coctficients from log-
transposed charcters (25 messurements) fo specimens refered 10 the gerera Euphiers,

Fejervarya, Hop arya and Sp
Imtial Eigenvalues
Component Total % of Vamance Cumulative %
1 22.639 90.558 90.558
2 0799 3.196 93.754
3 069 2.783 96.537
Rotation Sums of Squared Loadings
Component Total % of Variance Cumulative %
1 10.152 40.610 40.610
2 9597 38390 78999
3 4384 17.538 96.537
Components for rotated component matrix
Variable 1 2 3
SVL 0649 0621 0422
HW 0.617 0.706 0.337
HL 0673 0647 0.340
MN 0667 0646 0.330
MFE 0649 0674 0.322
MBE 0639 0683 0.312
IFE 0505 0768 0371
IBE 0553 0757 0.368
FLL 0589 0682 0.419
HAL 0661 0653 0.346
TL 0732 0530 0410
FOL 0.709 0534 0456
IN 0235 0817 0.471
EN 0698 0592 0.353
EL 0.599 0691 0.351
TYD 0712 0487 0.367
TYE 0449 0773 0.223
TFL 0,654 0635 0.364
FTL 0757 0415 0.484
MTTF 0836 0453 0299
TFTF 0349 0349 0859
MTFF 0830 0.463 0.297
FFTF 0432 0.402 0788
IMT 0419 0797 0.293
ITL 0873 0304 0283
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Table4  Some and ratios of four of Lank , including
the lectotype (ZMB 4897) and the two paralectotypes (ZMB 62771-62772) from Rambodde
{Sn1 Lanka), and a fourth specrmen (MNHN 2000.0616) from Kandy (Sn Lanka) SVL 15
given 1 mm, all other measurements are given as per thousands of SVL. Sex and stages A,
adult; J, juvenile; F, female; M, male.

Collection ZMB ZMB ZMB MNHN
number 4897 62771 62772 2000 0616
Locality Kandy
Sex and stage AM IF AM AF
SVL 440 372 335 44.4
BW 391 363 337 338
HL 382 379 379 354
MN 348 333 333 302
MFE 291 280 280 243
MBE 189 177 177 164
IFE 152 153 153 158
IBE 290 298 298 264
N 56 70 66 66
EN 60 70 66 70
EL 119 138 106 108
FLL 195 210 185 191
HAL 200 199 224 218
TFL 96 127 120 115
TL 425 414 394 405
FOL 457 465 421 462
FTL 245 242 242 248
MT 72 63 79 77
ITL 144 148 132 150
MTTF 311 328 310 2%
MTFF 329 336 310 329
TFTF 129 124 141 139
FFTF 191 177 189 184

DISTRIRUTION OF SOME CHARACTERS AMONG SEVERAL GENERA OF RANIDAE

Characters related with an aquatic mode of Iife
Allanuran tadpoles show a lateral-line system on body and head, sinular to that of fishes,

1.e composed of rows of small pores opeming on sense cells or neuromasts that are senstble to
vibrations of low frequency i water (Noscr, 1931 318-321, Durriman & Trurs, 1985:
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378-379) Most anuran species lose this system at metamorphosis, but 1t remains present in
adults of a few anuran groups that have a mainly aquatic mode of life This retention of a
larval character n otherwise adult specimens is a case of partial paedomorphism (Dusois,
19874). This is observed in several aquatic genera of anurans, distributed m various famulies,

luding the Di: lossidae (Barb: la Taylor & Noble, 1924, Bombina Oken, 1816), the
Leptodactylidae ( Lepidobatrachus Budgett, 1899) and the Pipidae (all genera) (fig. 4). In the
Ramidae, which nclude various aquatic groups, some of them show the paedomorphic
retention of lateral-line systems in adults, while others, which may seemingly appear as
aquatic as the former ones, do not show this phenomenon Three genera of Ranidae are
known to retain the lateral-line system in adults' Euphlyctis (see e g.: BOULENGER, 1920;
Dusots, 19875, 1992), Occidozyga Kuhl & Van Hassclt, 1822 (see ¢.g. Dugois, 19875, 1992)
and the new genus Lankanectes (fig. 4). To the best of our knowledge, the presence of a
lateral-line system 1n adults of L corrugatus has never been mentioned n the scientific
Iiterature, although these ines are quite obvious in live specimens (AD, personal observa-
tions} and usually remain visible, although not so eastly, in fixed specimens.

Dusois (1987b) had considered the presence of a lateral-line system in adults as a
synapomeorphy of Euphlyctis and Occidozyga, which had led him to regard these two taxa as
sister-groups and to treat them as subgenera of a single genus. Other characters which had
supported this interpretation were the general body shape (0. lima looking almost exactly as
ammaturized E cyanophiyetis), the shapes of the foot and of the extremuties of digits, and the
presence of continuous fongitudinal white and dark stripes all along the rear part of the thighs
(fig. 5) However, molecular cladistic data provided by MARMAYOU et al. (2000), KosucH et al.
(2001) and DrLoRME et al. (submitted) strongly suggest that Occrdozyga and Euphiyctis are
not sister-groups, and that all or most of the characters hsted above are convergences related
to aquatic life. As a matter of fact, as mentioned above the lateral-line system s retamed 1n
adults of several aguatic frogs of other famulies and this s the case also of pointed digits and
of fully webbed feet with a relatively short fourth toe

As concerns the last character of the list above, the presence of longitudinal white and
dark stripes on the posierior thigh is also observed in aquatic South-American hyhd frogs of
the genus Psewdrs Wagler, 1830 (fig. 5) and, although less strikingly, in Chinese Ranidae that
are also largely aquatic, 1.e. Rana ( Pelophylax s plancyi Lataste, 1880 and Runa ( Pelophy lax
hubetensis Fer & Ye, 1982 (see e.g. Pope, 1931 511, Fri, 1999, 161) The meaning of this
coloration character 1s not quite clear, but the fact that it appeared independently in several
unrelated anuran groups having a largely aquatic life suggests that it also has an adaptive
value for frogs with such a mode of lfe, probably as a camouflage device towards aquatic or
aerial potential predators. In terrestrial frogs that live in grassland habitats, a striped dorsul
pattern 1s often observed. These frogs have longitudinal ines exther ull along the nuddle of the
back (vertebral stripe or band. present n many groups of frogs), or as several subparallel dark.
stripes on a brown dorsum. The latter. although perhaps less common, 1s also a rather widely
distnbuted phenotype in frogs, observed eg. in the Hyperolidae (eg. some Afinalus
Laurent, 1944 or Hperolnns Rapp, 1842), in the Ramdac (e g . some P chudena Boulenger,
1917 or Strongylopus Tschuds. 1838), or in the Rhacophonnae/dae (e g . some Churvalus
Boulenger, 1893 or Pohi pedates Tschudi, 1838) Such patterns can clearly contribute to a
camouflage among herbs or clongated leaves. However an such frogs the rear parts of the
thighs do not show longitudinal stripes. In terrestrial frogs the legs are not kept extended at
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Fig 4 Lateral-lme system (1) i several examples of aquatic anurans {23 Stfurana troptcakis Gray., 1864
(Pipidac, Siluranmac), MNHN 1694 (915, adult male, Guinea. (b) Ocerdoz ga funa (Gravennorst.
1529) (Rantdae, Ocercdozyginac), MNHN 1999 6418, adult female, Yunnan, (¢) Lankanectc s corrie
catus (Peters, 1863), MNHN 20000616, adult female, Sri Lanka
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Fig 5 Presence and ahsence of longinudinal white and dark ines on the buck of tighs m several
examples of aquatic anurans (d} Psetdss paradoass (Limnaeus. 1758) (Hylidae. Pseudinac). MNHN
1953 0390, juvenile female. Venezuela lines present, (b) Orcrdosyga hma (Gravenhorst, 1829)
(Ramdae, Ocadozygmac), MNHN 1999 6418 adult female Yanndn hnes present () Lankevicctes
corrugatits (Peters, 1863) (Ramdae, Lankanectimack, MNHN 2000 0616, adult female. Sni Lanka
Imes absent

Source . MNHN, Paris



98 ALYTES 19 (2-4)

test, so that the coloration of the back of thighs is not exposed- it is shown only during
movements, In aquatic frogs, the situation may be different. These frogs, like Euphiycnis or
Oceidozyga, often remain suspended floating in water for some minutes or more, using the
four imbs extended in the prolongation of the body or feebly bended laterally as balancers. In
such a position the postenor surface of hindlegs is visible. If such a frog 1s then hudden within
long and narrow aquatic vegetal structures, the longitudinal lines at the back of thighs might
contribute to the camouflage, especialty if it follows some other linear structures or coloration
on the flank or dorsum of the frog, as well exemplified in the figure 16 of PopE (1931: 511).
Although the new genus Lankanectes shares with Occidozyga and Euphlyctis the retention of’
lateral-line system n adults, it does not show the longitudinal stripes on the rear parts of the
thighs (fig. 5} and this is a significant difference between the two genera (as well as between the
closely related Occidozyga and Phrynoglossus) Perhaps this 15 connected to the fact that L
corrugatus usually inhabits shallow, mud-substrate (as opposed lo gravel- or rock-substrate)
streams, poor in (P da, personal ).

Male secondary sex characters

Anurans display a large diversity of male secondary sex characters, ncluding various
kinds of spines, asperities and glands, vocal sacs and adult morphometric differences. The
taxononug¢ sigmficance of such dimorphic characters has no generality over the whole of
anurans. In several groups, male secondary sex are ic of species-groups,
subgenera or genera, or even of higher taxa. this ts e.g. the case of the pectoral plates of the
megophryld tribe Oreolalagini (see DELORME & Dugors, 2001). In some other cases however,

m such ck are species-specific and can even separate very similar and
closely related species® les include the p of nuptial spines in Paa hebign
(Gunther, 1860) and Pua viuna (Stoliczka, 1872) (Dusors, 1976a, 1980) and the
presencefabsence of vocal sacs 1 Polypedates leucomystax (Gravenhorst, 1829) and Polype-
dates mutus (Smath, 1940) (Smith, 1940; Liv & Hu, 1961)

The major reason, besides general morphological resemblance, that apparently led
BoULENGER (1920) to include Rana corrugata in the same group as Runa kuhli seems to have
been the presence in both species of “fangs™ at the front of the lower jaw (fig 6) This
character was also used by EstersoN & WARD (1998) and EMLRSON et al. (2000) as the basis for
the vernacular name of “fanged frogs”™ which they gave to the genus Limnmoncctes. However,
notall frogs of this group possess fangs (sce e g.. BOULENGER, 1920, SwiTH, 1922a-h, BOURRLT,
1942}, and this vernacular name does not appear more appropriate for these frogs than that of
*“voiceless {rogs”, the previous name used by the saume authors (EMFRsON & Voris, 1992,
EMERSON & BILRRIGAN, 1993). As a matter of fact, even If several species of South-East Asian
frogs of this group arc devoid of structurally differentiated vocal sacs. they are not voiceless,
as their males can emut advertisement calls, as was observed in Lannonectes hivthu (MATSUL,
1995), or at least loud terrnitoral calls, as was observed un Limnonec tes cf. kuhlit (AD & AO,
unpublished observations, see below) As for Lanhanectes corrugatus, males show differentu-
ated vocal sacs and enut foud calls (AD, personal observations, Sri Lanka, June 1999) whose
function has 1o be clanfied, given that they persist after the breeding season (Pethiyagoda.
personal communication), but which probably can have an advertisement function, possibly
combined with a territorial one
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Fig 6  Fangs ()t front of lower jaw 1n two Asian ramd groups. {a) Limnonectes t Lmnonecies of
Aule (Tschudy, 1838) (Ranudag, Dicroglossinae), MNHN 1938 0030, adult male, Victnam, (b)
Lankanectc s corrugatus (Peters, 1863) (Ramdac, Lankanectinac), ZMB 4897, adult male. lectotype.
Sri Lanka

As mentioned above, fangs are present i adult males of some species of Lunnonectes
only These speaes also tend to have a much wider head in males than in fernales, and 1n some
of them (some of the members of the subgenus Elachiglossa) they also show a knob on the
dorsal back of head, starting between the eyes and extending beyond them (SMITH, 1922a-h;
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BoOURRET, 1942). We regard all these characters (fangs, wide head, dorsal cephalic knob) as
related to agonistic behaviour between males, like in several other cases of spines and other
differentiated structures on the heads of males (see e.g.* SHINE, 1979; DuBois & OHLER, 1998).
In the Siriphum agricultural station of the Do1Inthanon in northern Thailand, in the night of
24 September 1986 we had the opportunity to observe an adult male of Lumnonectes cf. kuhiu
that, disturbed by our foraging in water with a small net to collect tadpoles, suddenly emitted
aloud and deep territorial call, “koaa, koaa™, and repeated it several times. While emutting this
guttural whistling, this frog had its body immersed 1n water but its head was raised above the
water level, and quite voluntary so as the frog was leaning on a rock and the fore part of its
body was raised on its stretched arms. Seen from the level of the surface of water, this large
head evoked a much larger frog than the actual size of this male (MNHN 1987.3197, SVL 63.7
mm; HW 28 6 mm, HL 29.6 mm) On several occasions, in Thailand, Laos and Vietnam, we
had the opportunity to observe and collect very large-headed males of Lumnonectes cf. kubin.
However, on every occasion we were struck by the fact that, in a given station {e.g , a small
pond, or a portion of several meters along a small stream), we never found more than one such
large-headed male, although other males may have been seen there' all other males collected
along with the latter had a “normal” or only slightly enlarged head, although some of them
were of a size similar to that of the large-headed male of the station We suggest a possible
terpretation for these observations. in each station, a single male might occupy the hierar-
chical position of a dominant male. This male would develop a very enlarged head but 1ts
presence, and most likely also 1ts behaviour (with territorial calls and possibly also fighting
with other males) would inlbit the development of enlarged head 1n all other males nearby
The existence of such an mhibition in dominated males, which could likely be implemented
through a hormonal mechanism, could rather easily be submitted to experimental testing,
and this could be done by scientists living in countries where these frogs oceur.

These observations suggest that, unless large series of specimens are avaifable for study,
it 1s impossible to be sure of the “maximum” development of male sex characters (including
the length of the fangs, the width of the head or the size of the cephalic knob) i any species
or population of Limmnonectes. It is therefore advisable to look for other characters to
distingwish species, because, when only the development of male sex characters 1s available 1n
this respect, Ihese ch1ra(.lcrs may be musleading, being m part due to the studied males

pymgad ord d position in the hierarchy of the group. This remark holds
particularly true for frogs of the subgenus Elachyglossa, that show a very variable develop-
ment of the cephalic knob (SmiTh, 1922¢-b; BOLRRET, 1942} However, despite these remarks,
1t should be stressed that, even in those males that do not show a “much enlarged head”. the
head 1s significantly proportienally wider in males than m females (OnLrr & Durois, 1999).

As concerns the species Lanhanectes corrgatus, very few museum specimens are availa-
ble for study outside Sri Lanka, and lutle v known on its vanation, mcluding sexual
dimorphism 1n size and other mes No detailed of this species were
provided in the two books dedicated to the St Lankan frogs by local zoologsts (KIRTISINGHE,
1957 DUTTA & MANAMENDRA-ARACHCHIL, 1996) BourinGir (1920) provided meas-
urements for 4 specimens in the London muscum, includimg 3 adult males and | female. We
provide 1n tab. 1 our medasurements of 4 other spectmens, 2 males and 2 females, in the Berlin
and Paris museums, including the 3 original syntypes of the spevies. According to this very
{imited material, no sex dimorphism appears to exist in this species for either the total size or
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the size of head, but this sample is much too small to permit definitive statements in this
respect However, given the lumted information currently available, this species would appear
10 differ from Limnonectes in not exhibiting sex dimorphism 1 the size of head.

‘While the male secondary sex characters discussed above are exceptional i anurans, two
other male characters are very widely distributed mm many anuran groups, i e. the presence of
nuptial pads (usually covered with a layer of minute spines) on the first finger {and sometimes
also on the prepollex, the second and the third fingers) and the presence of vocal sacs with
opemings on the sides of the mouth floor. The first of these characters is absent both
Lankanectes and in all frogs of the tribe Lil imi of the Dy 1 1e. the genera
Limnonectes and Taylorana. As for the second character, as mentioned above, so-called
“voiceless” frogs of the genus Limnonectes can emut loud ternitonal calls whose function 1s
probably to keep other males at distance. Some at least of them are known to emit also
advertisement calls, i.e calls whose function is to attract females during breeding. Some
members of this genus, as currently understood, de have internal vocal sacs, while others lack
them. Lankanectes corrugatus produces dull advertisement calls that are very striking for
anyone who meets these frogs n the field and that can be heard from several meters mn the
forest habitat (AD, personal observations), they are evoked by DUTTA & MANAMLNDRA-
ARACHCHI (1996 82) as “Urrm. ™. The presence of vocal sacs in these frogs, which had been
1gnored by GUNTHER (1864) and BOULENGER (1890, 1920), was noted by KIRTISINGHE (1957)
and DUTTA & MANAMENDRA-ARACHCHI (1996).

Other characters

Three final characters related to reproduction may briefly be menuoned here. The first
one 1s parental care, listed by EMERSON et al. (2000) in their “definition” of the genus
L tes. However, to currently p observations (ALCALA, 1962, INGER,
1966, 1985, INGLR et al , 1986; INGLR & VoORis, 1988; EMERSON, 1996; INGIR & STUTBING,
1997, BRowN & ISKANDAR. 2000), parental care is only known in some species of the
Limnonectes nucrodiscus group of the nominative subgenus Lamnonectes (sensu DuBois,
1987b) and cannot be included among the characters diagnostic of the whole genus Limno-
nectes, at least as currently understood. According to ISKANDAR (in EMFRSON, 1996, see
Dusais, 1999}, a species of this group shows endotrophic development of embryos within the
genutal tract of the female. In another group of Limnonectin, the genus Tuplorana. direct
development occurs 1n eggs laid in terrestrial nests (TAYLOR, 1962; Omtir et al., 1999), All
these observations confirm the tendency that extsts i this group for correlative increase of the
size of eggs with reduction of thewr numbers, leading eventually to direct development or
ovoviviparity, a tendency already identified by Dusots (1975),

A second interesting character is the posttion of the arms of the male during amplexus.
Although this has never been mentioned n the hterature, we observed on vartous occasions
{AD & AO, unpublished observations, briefly mentioned in MarmMAYoU et at, 2000 295) that
in the spectes Phrynoglossus martensi Peters, 1867, type-species of Phrynoglossus Peters, 1867,
amplexus 1s Jumbar, not axillary, This 1s a strong reason, added to the morphological ones
{SMITH, 1931; TavLoR, 1962; OHLi R & DUsoIs, 1999} for considering Ocedoz) ga as a genus
distinct from Phry noglossus, and not as a synonym of the latter, as suggested by some authors
{INGLR. 1954, 1966, 1996), or even as a subgenus of Ranu (EMLRSON & BIRRIGAN, [993)
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Another peculiarity of Phrynoglossus 1s 1ts unpigmented eggs, lhal most hkely are deposited
under some shelter, but, to the best of our knowled d and g has never
been described in this genus. The amplectic position of Lankanecm corrugarus has never been
observed so far (Pethiyagoda, personal communication). As for the eggs, in this species they
are pigmented, thus differing from those of Phrynoglossus.

CONCLUSION: TAXONOMIC ALLOCATION OF THE NEW GENUS

We presented above in tab. | a list of characters that we consider diagnostic of the genera
Euphlyctis, Lankanectes, Limnonectes, Nycubatrachus, Occidozyga, Phrynoglossus and Tay-
lorana. All these genera have 10 common the presence of a forked omosternum, that distin-
guishes them from the Raninae. However, the phylogenetic data recently provided by several
teams (BossUYT & MILINKOVITCH, 2000; VENCES et al., 2000; DELORME et al.. submitied)
suggest that these seven genera must be referred to several subclades within the Ranidae,
which we taxonomically treat as distinct provisional subfamilial taxa. (1} Euphlycuis, Limno-
nectes and Tay lorana are members of the Dicroglossinae Anderson, 1871; (2) Occidozyga and
Phrynogiossus are members of the Ocaidozyginac Fei, Ye & Huang, 1991; and (3) Nyctibu-
trachus 1s a member of the Nyctibatrachinae Blommers-Schlosser, 1993 As for Lankancctes
corrugatus, the cladistic data available (Bossuy T & MILINKOVITCH, 2000; VENCES et al.. 2000;
DriorME et al.. submitied) suggest not only that 1t belongs 1n a genus distinet from Lunno-
nectes, but also that 1t cannot be d i the Dics For the time
being, given the data of BossuyT & MILINKOVITCH {2000) and Vencrs et al. (2000), the closest
relatives of this genus would appear to be the subfamibies Raminae and Nyctibatrachinae, but
both groups exhibit characters widely different from those of Lunkanectes. From the Raninae,
Lanhanectes differs readily by its forked omosternum and by a completely different general
habitus. As for the Nyctibatrachinae, except for the forked omosternum the new genus only
shares with Nyctibatrachus a few derived characters presumably related to the aquatic mode
of life of both genera (general body shape, short legs, shost internarial distance), but both
genera show sigmificant differences in a number of other characters (extremties of digits,
lateral-line system n adults, network of ridges on dorsal parts, femoral glands, fangs and
nuptial pads in males, tadpole keratodont formula}, which do not support the inclusion of the
new genus in the Nyctibatrachinae The only solution for the time being 1s to refer the new
genus to a new provisional suprageneric taxon, which, as well as all other such taxa, will have
to be tested by subsequent works (for more detais, see Dueols, 1999).
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APPENDIX 1
COMPARATIVE MATERIAL EXAMINED

Specimens marked with an asterisk (*) are those which were used for the morphometric analyses (tab.
23, fig. 2-3)
Euphlyctis cyanophyctis (Schneder, 1799)  NepaL. Diffikot, 2400 m, MNHN 1975.2164%, 1975 2182*-
2183%,1975.2194%, 1975.2196*, Sanichare MNHN 1977 1364-1403, Suhher, 900 m. MNHN 1996 9274-
9280; Taropani Khola, 2200 m MNHN 1975.2250-2273.
Euphiyetis hexadactylus (Lesson, 1834). — IND1A: NMW 2512.1%-5%, 25121%,

Limnonectes ( Elachyglossa) doriae (Boulenger, 1887).  MYANMAR Mount Carin, 900-1000m MNHN
1893.435%-437*%,

Limnonectes ( Elachy glossay lper (Andersson, 1916) - Laos Ban Tap, Bokeo MNHN
1997 414941525 —Trntiants Bang Hue Pong, Koon Tan Mounteans, Lamphun Province NRM 1656*,
holotype, Phu Kradung Samkokpai, 860-§70 m, Loe: Province MNHN 1987 3132%.

Lumnonectes (Elachy glossa, toumanoffi (Bourret. 1941) - Campobia” MNHN 1948.126*. holotype.
Limnonectes (Limnonectes; (gt grunniens, biythi (Boulenger, 1920) - THALAND Khao Phra T
MNHN 1986.3154*-3168*

Limnonectes ¢ Limnonectes) (gr kuhluy of Aublu (Tschudy, 1838). - InvONESIA. Sumetra, Subikalang MV
80*, MV 82* MV 102*-103*, MV 105*, MV 108* MV [11*-112* MV 117* MV 127* - THAILAND Dot
Inthanon: MNHN 1987 3197, - Viernam: Tonkir: MNHN 1938 0030,

Limnonectes ( Lumnonectes, {(gr pucrodiscusy leytensts (Boettger, 1893)  Puirepines Dumaguete”
MNHN 1964.0283*

Lunnonectes { Limnonectes, (gr microdiscus ) woodnorthit (Taylor, 1923) - PrILIPPIMGS By bay. MNHN
2000 061F*-0612*

Nyetibatrachus beddomer Boulenger, 1882 INpia Tmnerelly BMNH 1882 2 10 27-30*, NHMB 1271%

Nycubatrachus humayum Bhaduri & Koipalani, 1955 Inpia. BMNIT 1958 1425726

Nyctibatrachus deccancnsis Dubors, 1984 Inbia Auamaliys BMNH 1947 2 447%, 1947 2.4 49%,

1947.2,4.52%, 1947.2.4,55*, syntypes of Rana pygmaea Ginther, 1876

Occudozyga hma (Gravenhorst, 1829)  Campobta BMNH (861 41231%-32%.  China. BMNH

1932 5 1 2% holotype of Houdema ohscura Gray, 1831, Innonssia Java BMNH 1844.2 22 94A*-94C*
THAILAND Staerr BMNH 18597 1 36*-39*  Cina Jinghong, Y Province MNTIN 1999 6416

6422°.

Phrynoglossus magnapustulosus Taylor & Elbel, 1958 Crina Jinghong Yuman Prosmce, MNHN

1999 64426453,

Phrynoglossus martensit Peters, 1867, THan at. Khao Chong. Trang Provmee MNHN 1987 2894*,

1987 2898%, 1987 2907%, 1987 29157, 1987 2025%, 1987 2934%, 1987 2936%. 1987 2040%, 1987 2958%,

1987.2960%

Pipa curvathor (Miranda-Ribexro, 1937). ~ BRAZIL. Bahia. MNHN 1981.298-299.

Preuchs paradoxus (Linnacus, 1758) - VENEZUELA: Montecal: MNHN 1983 0390.

Rana t Pelophfun haberensrs Fe & Ye. 1982 Cuina Zheyang, MNEN 1931 0064-0066

Sifurana tropicaks Gray, 1864 Gunia Mouni Nowba, Region of Now MNHN 1944 0162-0164,

1994 1907-1927
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